CONTAINER FOR EXPLOSIVE DEVICE 



CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

This application claims priority from the co-pending U.S. Patent Apphcation number 
60/302,235 filed June 28, 2001, by Greenfield et al., and titled SPINSAFE - A QUICK ACCESS 
STORAGE MODULE FOR FULL CONTAINMENT OF EXPLOSIVE BOMBS WITH 
BIOLOGICAL AND CHEMICAL AGENTS, which is incorporated herein by reference for all 
purposes. 

TECHNICAL FIELD 

This invention relates to the containment of explosive devices upon detonation, and, more 
particularly, to the containment of the explosive blast pressures and fi-agments together with the 
containment of biologically and/or chemically hazardous agents or other materials released 
thereby. 

BACKGROUND 

Much of the damage associated with explosive devices is related to the fact that a 
detonation or explosion creates what is known as air shock waves, associated mcendiary effects, 
and high velocity fragments. Air shock is the very high speed initial shock waves in the form of a 
high ampHtude, short duration compressive wave which moves radially outward through the air 
from the source of the explosion. The incident short-time pressure rise associated with air shock 
can be on the order of 10-10,000 or more pounds per square inch (psi), depending on the distance 
to the charge, and consequently can be very devastating to surrounding people and objects. The 
shock waves heat the air to hundreds or thousands of degrees. Furthermore, duration of this very 
damaging overpressure may be milliseconds or more, and significant impulse is associated with 
such a shock wave. Secondary damage is also caused by bomb-generated debris and 
fragmentation, as well as the hot, expanding bomb gases and particulates known as the fireball. 
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Many explosive containment systems are primarily designed to mitigate the effects of an 
explosive blast. For example, the aircraft hardened luggage container system of U.S. Patent 
5,267,665 primarily directs the blast forces along noncritical pathways while protecting critical 
airframe and control components and passenger and crew compartments. Similarly, the 
5 explosive storage module (ESM) of U.S. Patent 5,248,055 provides containment of the blast 
pressure and fragment debris but allows the pressure buildup inside the ESM to be released 
slowly without causing a significant extemal airblast. The release of gas pressure from within 
the ESM is facilitated by the array of quick-lock assembUes located around the periphery of the 
ESM door. In that ESM, the intemal pressure buildup causes the quick-lock bolts to extend 
10 sHghtly, thus generating a gap between the door and the ESM main body. 

0 

^0 However, there still remains a need for a quick-access explosive containment device that 

y will contain or suppress an explosion, thus, minimizing the hazards to the surrounding 

environment from the associated air shock waves, debris, and fireball. There also is a need to 
=P contain biologic and chemical agents that can be dispersed by the explosive charge. The present 
J- 15 invention addresses these and other needs. 



SUMMARY OF INVENTION 



This invention relates to the enclosure, control, and suppression of the explosive blast 
pressures, biologically and/or chemically hazardous agents, and fireball released upon detonation 
20 of an explosive device. More specifically, one embodiment of the invention provides a portable, 
containment unit for use by either military or civihan mobile bomb squads or hazardous 
materials personnel. In another embodiment, it protects personnel sorting mail or packages or 
inspecting parcels or luggage at security check points. 

The preferred embodiment provides dual containment of explosive products. Specifically, 
25 the inner vessel is designed to provide containment of the explosive products while the outer 
vessel provides backup containment. Containment is achieved through rotating at least one 
vessel with respect to the other. In one embodiment the vessel can be easily rotated manually to 
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close the containment unit with the simple lever arm. In another embodiment, the vessel can be 
rotated remotely with a motorized mechanical drive system. 

In still another embodiment a lining material, preferably, fragment penetration barrier 
material, ballistic barrier protection material, or flame retardant material, is positioned within the 
inner vessel. A filler material, preferably a flame retardant material, and/or a flame arrester, can 
be positioned between the inner vessel and the outer vessel. 

In yet another embodiment, the vessels can be cylindrical, while in still another 
embodiment the vessels can be spherical. In another embodiment, the invention can be situated 
in a stationery manner while in yet another, it can be mounted with wheels for portability. 

In one embodiment, a gastight seal can be created between the inner and outer vessels. In 
another embodiment, the unit provides for venting of gas pressure to the atmosphere. 

One objective of this invention is to provide a blast containment unit for lessening the 
damage caused by explosives. Another objective of this invention is to contain bomb fragment 
debris. 

Methods for utilizing the containment units of this invention are also provided. 

A fiirther understanding of the nature and advantages of the invention will become 
apparent by reference to the remaining portions of the specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a cross-sectional side view of a containment device in the closed position 
prepared in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

I. General 

It is to be understood that the terminology used herein is for the purpose of describing 
particular embodiments only and is not intended to limit the scope of the present invention which 



will be limited only by the appended claims. It must be noted that as used herein and in the 
appended claims, the singular forms "a", "an", and "the" include plural reference unless the 
context clearly dictates otherwise. Unless defined otherwise, all technical and scientific terms 
used herein have the same meanings as commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although any methods and materials similar or equivalent to 
those described herein can be used in the practice or testing of the present invention, the 
preferred methods, devices, and materials are now described. 

"Blast", "explosion", and "detonation" are all intended to be interchangeable, unless 
otherwise defined, and to describe the dynamic, damaging effects of bomb fimctioning. 

"Explosive products" refers to the explosive blast forces, biologically and/or chemically 
hazardous agents, fireball, and debris released upon detonation of an explosive device. 

"Fire-retardant" indicates a reduction or elimination of the tendency of a combustible 
material to bum, i.e., a "fire-retardant" material is one having a lower ignition susceptibility or, 
once ignited, lower flammabiUty. See, e.g.. National Fire Codes, National Fire Protection Assoc., 
Quincy, Mass., 1992; Standard Test Method for Heat and Visible Smoke Release Rates for 
Materials and Products, American Society for Testing and Material, Philadelphia, Pa., 1991; see, 
also, "Fire Retardants" in Encyclopedia of Polymer Science and Engineering, Vol. 10, page 930- 
1022, 2nd ed., John Wiley and Sons, NY, 1988). 

II. The Containment Svstem 

A. The Containment Vessels 

A containment unit 10 of this invention is shown in FIG 1. The overall shape of 
containment unit 10 may be generally cylindrical (as shown) or spherical. 

The containment unit comprises inner (primary) 20 and outer (secondary) containment 
vessel 30. The inner vessel 20 is designed to provide containment of the products or cargo. The 
outer vessel 30 provides backup containment. 

The wall thickness of inner vessel 20 and outer vessel 30 may vary depending on the 
overall dimensions, the amount of explosive to be contained, and intended use of containment 



unit 10. In accordance with a preferred embodiment of the invention, the unit should have an 
outer diameter not exceeding about four feet and a height not exceeding about six feet, and a wall 
thickness of not less than about 0.5 inches. Such a containment unit is capable of containing the 
explosive forces for at least three pounds of Class 1.1 explosives. In a particularly preferred 
embodiment, outer vessel 30 has an outer diameter of about 30 inches and a height of about 36 
inches and inner vessel 20 and outer vessel 30 are constructed of 0.5 inch thick HY80 steel. 
Units with these dimensions are readily portable through doors and hallways; units of other sizes 
and shapes can be constructed for other uses. 

According to some embodiment of the invention, non-critical sections of the vessels are 
permitted to deform plastically and may be constructed with a thinner wall. Preferably, critical 
sections of the vessels will remain elastic. 

Containment vessels 20 and 30 are fabricated from materials which may include metals, 
ceramics, or composite materials such as S-glass, KEVLAR, carbon fiber, Zylon, SPECTRA, 
from combinations thereof, or from other more advanced materials to reduce cost and weight. 
For example, the containment vessels may be composed of two aluminum vessels or a 
combination of inner steel vessel and an outer aluminum vessel wrapped with an inexpensive S- 
glass high-strength fabric to further reduce the outer vessel weight. According to a particularly 
preferred embodiment, one or both of the containment vessels is composed of HY80 steel. 

According to one embodiment, inner vessel 20 has an inner surface and an outer surface 
and includes a cylindrical central portion with an end dome on each end, each end dome being 
permanently affixed to the central portion of the inner vessel. 

According to one embodiment, outer vessel 30 has an inner surface and an outer surface 
and includes a cylindrical central portion, one end dome that is permanently affixed to one end of 
the central portion and one end dome 32 that is removably secured to the opposite end of the 
central portion 33. Removal of end dome 32 facilitates placement of inner vessel 20 inside outer 
vessel 30. Removable end dome 32 is secured to central portion 33 for operation. 

According to a particularly preferred embodiment, the end of the central portion 33 and 
the base of removable end dome 32 are flanged. End dome 32 is bolted or otherwise secured to 
central portion 33 through the respective flanges or through reinforcing rings positioned around 



the respective flanges. According to another embodiment, both ends of the central portion have 
end domes that are removably secured to the central portion of the outer vessel as described 
above. Altematively, both end domes can be permanently affixed to the central portion of the 
outer vessel 

A lining material 22 positioned toward the inner surface of inner vessel 20 ensures that 
the explosive device will not be placed in contact with the inner surface of inner vessel 20 and 
preferably supports the explosive device toward the center of the inner vessel. This lining 
material 22 may also provide an additional fragment penetration barrier to reduce penetration of 
the inner vessel by the explosive device while not substantially increasing the weight of the 
containment unit. Such fi-agment penetration barriers can comprise fabrics, netting or felts made 
from S-glass, carbon fiber, or other substances; foam; or sand. 

According to some embodiments, lining material 22 will comprise a suitable baUistic barrier 
protection material such as KEVLAR, DYNEEMA, or SPECTRA or other related material that will 
provide for containment or at least suppression of the hazards due to improvised explosive devices or 
improvised dissemination devices. These ballistic barrier protection materials have suppressive 
characteristics that can contain or retard explosively driven fragments and can suppress or contain 
blast over-pressure. 

In a particularly preferred embodiment, lining material 22 will also serve to suppress 
combustion fireballs resulting fi-om detonation of an explosive device. According to this 
embodiment, lining material 22 will comprise a fire retardant material. 

According to a preferred embodiment, the outer surface of the inner containment vessel 
20 is contoured to the inner surface of outer containment vessel 30 with only a small clearance 
therebetween. In a particularly preferred embodiment, this clearance or gap is filled with a 
fragment penetration barrier material, baUistic barrier protection material, or fire retardant 
material as described above. A flame arrester, such as those used in flammable gas systems, can 
also be placed inside this clearance. Flame arresters serve to break up the flame, preventing the 
flame fi:om reaching the outside of the unit where they could trigger undesirable combustion of 
the surroundings, and can further serve to enhance the contact between the flames and the flame 
retardant materials. 



A particularly preferred filler material is one that allows for release or venting of gas 
pressure and that contains any incendiary materials. 

According to some embodiments, a sealing system is used to provide for gas tight 
operation with no venting to the atmosphere. For example, one or more sets of 0-ring seals can 

5 be located between the inner vessel and the outer vessel. One 0-ring can be located around 
access port 24 of the inner vessel and seals inner vessel access port 24 against the inside surface 
of outer vessel 30 for the closed position shown in Figure 1. A second 0-ring can be located 
between the inner and outer vessels 90 to 1 80 degrees from the first 0-ring and seals outer vessel 
access port 34 against the outer surface of the inside vessel in the closed position. This 

1 0 positioning of the O-ring seals allows dual containment to be achieved through rotatmg at least 
one of the containment vessels from about 90 to about 180 degrees. 

Q Outer vessel 30 can be adapted to rest either on one end or one side, i.e., in a vertical or a 

S horizontal position. Containment unit 1 0 can be situated in a stationery manner or can be 
=P mounted with wheels or robotic tracks for portabihty. 

i'p 

B. The Closure Svstem 

m 

|i An access port is provided for in each containment vessel, i.e., inner vessel access port 24 

and outer vessel access port 34. Generally, the location of the access port may be varied. In a 
particularly preferred embodiment, the access port will be centrally located along the side of the 
20 containment vessel The size and shape and position of the access port may vary. In a 

particularly preferred embodiment, each access port will be circular in shape, having a diameter 
of from about 12 inches to about 18 inches. 

In the open condition, the access ports initially line up to provide for insertion of the 
explosive device into the inner vessel. Rotating one vessel relative to the other moves the ports 
25 out of aUgnment and seals the containment unit. As described further below, the contamment 
unit may be opened by rotating at least one of the containment vessels about a vertical or 
horizontal axis (depending upon orientation of the unit) to permit objects to be loaded into and 
removed from the containment unit. Preferably, the vessels rotate within an approximately 180 
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degree path. It should be understood that other configurations of the access ports are possible, as 
long as they are selectively positionable between a closed position, in which the containment unit 
is closed, and an open position, in which explosive devices or other cargo may be placed into or 
removed from the contaiimient unit. 

In a preferred embodiment, stiffener rings or flanges surround the access ports. 

According to a preferred embodiment of the invention, the unit further comprises a cover 
40, which is attached to outer containment vessel 30, preferably through a hinge. The cover 40 
can be secured in a sealing relationship to the access port of the outer vessel 34. The cover 40 is 
another means to prevent incendiary flame from exiting the unit. 

The closure system of the invention provides multiple advantages over conventional 
inward opening doors on current bomb containment vessels. A major advantage of the 
containment system described herein is its ease of operation. For example, the containment unit 
10 can be closed in a few seconds, and there are no latches to deal with. 

Containment unit 10 includes a means for rotating at least one containment vessel with 
respect to the other to close the containment unit. Accordingly, in one embodiment, inner vessel 
20 will rotate with respect to outer vessel 30. Another embodiment provides for rotation of outer 
vessel 30 with respect to inner vessel 20. A further embodiment provides for rotation of both 
vessels in a cooperative manner. 

Preferably, the rotating means can be activated with a low amount of force. Such 
activation can be accomplished manually or through a motor-driven, pneumatic or hydrauUc 
mechanism. One embodiment of the mvention provides for remote activation with a motorized 
mechanical drive system. Preferably, the rotating means will withstand significant dynamic and 
static loads within a hostile environment. 

Rotation may be further facilitated through the use of one or more radial bearings and one 
or more thrust bearings to carry the weight of the rotating vessel and its contents. Other rotating 
means include pneumatic or hydraulic mechanisms as are known in the art. 

A particularly preferred rotating means comprises the use of a simple lever. According to 
one embodiment, the apex of an end dome of the inner contamment vessels is affixed to one end 
of a rotatable shaft 42 that extends through a bushing 44 in outer vessel 30. This rotatable shaft 
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42 generally will range in diameter from about one inch to about four inches. The other end of 
rotatable shaft 42 is affixed to a lever arm 46. When a slight pressure is appHed to lever arm 46, 
shaft 42 rotates which in tum rotates at least one of the containment vessels, thus closing the 
containment unit. 

According to another embodiment, the apex of an end dome of outer containment vessel 
is affixed to a lever arm. When a slight pressure is appUed to the lever arm, outer vessel 30 
rotates, thus closing the containment unit. 

It will be readily appreciated that, when the unit is to be operated in a horizontal position, 
it may be desirable to include rotating means on both ends of the unit. In one embodiment, the 
apex of each end dome of the inner vessel is affixed to first and second rotatable shafts, 
respectively, each extending through bushings in outer vessel 30. Both shafts are affixed to 
lever arms. When pressure is apphed to one or both of the lever arms, the shafts will 
cooperatively rotate, thus closing the containment unit. In another embodiment, the apex of each 
end dome of the outer vessel are affixed to lever arms. When pressure is applied to one or both 
lever arms, the vessel will rotate, thus, closing the containment unit. 

In another embodiment, one lever arm is affixed to the outer vessel and one lever arm is 
affixed to the inner vessel, each as described above. When pressure is apphed to one or both 
lever arms, the vessel will rotate, thus, closing the containment unit. 

According to a particularly preferred embodiment, the containment unit will fiirther 
comprise a means to stop rotation, thus, preventing over rotation of the inner unit. This can be 
accompUshed either through a mechanical stop or by designing the flanges around the access 
ports so that they wedge against each other in the closed position. 

C. Operation 

According to one aspect of the invention, the containment system is configured so as to 
be reusable. According to another aspect of the invention, the containment system is designed 
for one-time use. 



One aspect of the invention provides for a self-venting containment system wherein the 
gas pressure within the inner containment vessel is allowed to gradually dissipate into the 
environment. 

Other aspects of the invention provide for a sealed containment system that allows for 
5 containment of explosive products. According to this embodiment, the explosive device can be 
disrupted inside the sealed containment unit, and then the inner unit can be decontaminated and 
flushed. Samples of the interior atmosphere can be taken to determine the appropriate treatment 
to verify the decontamination process was successful. According to these embodiments, the unit 
further comprises a drain post with shut off valve; purge port for flooding the unit with 
1 0 decontamination material; sample post for testing internal atmosphere pre and post detonation. 

13 According to some embodiments, the unit further comprises a countercharge and/or a 

J detonation interface that directs a plurality of energies or fields, including electromagnetic, 

% electrostatic, magnetic, or acoustic toward the cargo thereby inducing detonation. See, U.S. 

f Patent No. 5,668,342. Alternatively, the cargo can be allowed to detonate on its own. 

^'^15 Because the containment system is completely functional in either a horizontal or vertical 

13 position, it provides extra flexibility for incorporation into existing screening operations for 

=fj packages or baggage at post offices or airports. The containment system can be used adjacent to 

W or part of a package screening table or conveyer belt system. For low-level conveyer beUs a few 

p feet off the ground, the containment system can be placed m a cavity m the floor so that the 

20 access port is at the conveyer belt level. The containment system is also easily portable when 
placed on a cart with caster wheels. Thus, it is ideal for use by bomb squads. 

The preferred embodiment provides dual containment of explosive products. A 
containment unit of the present invention has been tested with about three pounds of explosive 
material. Strain on the unit was actively and passively measured. Small areas of plasticity were 
25 found in a few localized locations. The blast resulted in no permanent deformations and the unit 
was found to be operational for repeat use. 

The references discussed herein are provided solely for their disclosure prior to the fiUng 
date of the present application and are each incorporated herein by reference. Nothing herein is 
to be construed as an admission that the inventors are not entifled to antedate such disclosure by 
30 virtue of prior invention. 
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Various modifications and variations of the described method and system of the invention 
will be apparent to those skilled in the art without departing from the scope and spirit of the 
invention. Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly limited 
to such specific embodiments. Indeed, various modifications of the described modes are carrying 
out the invention which are obvious to those skilled in the art are intended to be within the scope 
of the following claims. 
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